Introduction
============

Inflammatory bowel disease (IBD) presents a chronic, relapsing and progressive inflammation of gastrointestinal tract, which includes two major entities: ulcerative colitis (UC) and Crohn\`s disease (CD). Ulcerative colitis is inflammatory disease affecting distal colon and rectum, limited to the mucosa [@B1].

The immune system seems to be major mediator in UC pathogenesis and progression [@B2]. Immune system is consisted of innate and acquired immunity. The innate immunity consist of monocyte/macrophages, neutrophils and NK cells, while main components of acquired immunity are B lymphocytes (humoral immunity) and T lymphocytes (cellular immunity), which can be further divided on CD4^+^ helper and CD8^+^ cytotoxic T lymphocytes [@B3]. Beside monocyte/macrophages, CD4^+^ helper T lymphocytes are major producers of cytokines and can be classified according to type of cytokines they produce: Th1 (IFN-γ and TNF-α), Th2 (IL-4, IL-5 and IL-13), Th17 (IL-6 and IL-17) and Tregs (IL-10 and TGF-β) [@B3].

Ulcerative colitis is an inflammatory disorder that predisposes development of CRC. In fact, about one-third of all CRCs are associated with chronic IBD [@B4]-[@B6]. Progression from UC toward CRC is multistep process that includes dysplasia, high grade dysplasia and cancer [@B1]. Molecular abnormalities that underline this process are consequence of chromosomal instability and gene alterations. Mutations of tumor suppressor genes, such as p53 and p16 are among the major gene alterations in oncogenesis [@B7].

Tumor suppressor gene, p16 (INK4A) is upregulated by the CDKN2A protein [@B8]. The main role of p16 is formation of inhibitory cdk4-6/p16 complexes, degradation of free Cyclin D by an ubiquitin-dependent proteasome pathway and subsequent inhibition of cell cycle progression [@B9]. Besides its role in cancer as an inhibitor of cell-cycle progression, p16 plays important role in modulation of immune response [@B10]. In response to DNA damage, wild-type p53 upregulates p21 (WAF1/Cip1) protein, which is a general inhibitor of CDKs and contributes to G1 cell cycle arrest under these circumstances [@B11]. Many authors have reported p53 mutations in epithelium adjacent to dysplasia in UC [@B12]-[@B15]. These alterations of p53 underlie multistep process of oncogenesis [@B16]. Vascular endothelial growth factor (VEGF) belongs to a family of platelet-derived growth factors and its involvement in angiogenesis in various tumors is well described [@B17]. Still, role of VEGF in modulation of immune response remains unclear.

Therefore, the aim of this study was to investigate the expression patterns of p16, p53 and VEGF in affected tissue and serum levels of cytokines TNF-α, IFN-γ, IL-4, IL-6, IL-10 and IL-17 in patients with UC and CRC, respectively. We report higher values of pro-inflammatory cytokines in patients with UC with presence of extraintestinal manifestations, complications, and positive staining of p16, p53 and VEGF, respectively. We also assessed the associations of decreased systemic values of pro-inflammatory IFN-γ and increased values of immunosuppressive IL-10 in CRC patients with positive staining of VEGF. Expression of p53 is a found to be highly specific marker in differentiation between UC and CRC.

Material and methods
====================

Patients
--------

The study was conducted at Center for Gastroenterology, Clinical Centre of Kragujevac and Center for Molecular Medicine and Stem Cell Research, Faculty of Medical Sciences, University of Kragujevac, Serbia, between May 2011 and March 2013. All of the patients gave their informed consent and research project was approved by two Ethics Committees of these institutions.

We investigated total of 75 patients with colorectal cancer (41 males and 34 females; mean age: 64.89 ± 10.51 years) and 24 patients with ulcerative colitis (13 males and 11 females; mean age: 45.75 ± 19 years). The diagnosis of colorectal carcinoma and ulcerative colitis was based on endoscopic and histopathological criteria. The patients with ulcerative colitis were classified into three groups, according to histological grade: grade I- diffuse mucosal inflammation with only mild or moderate crypt distortion, mucosal atrophy or mucus depletion; grade II- acute inflammation with severe crypt distortion and diffuse goblet cell depletion (mucus depletion); inflammation is diffuse and solely mucosal; vascularity is increased; grade III- diffuse acute and chronic inflammation with increased vascularity but little mucus depletion- suggesting resolving phase [@B18]. The patients with CRC were classified into four groups according to histological grade: grade I- well differentiated, grade II- moderately differentiated, grade III- poorly differentiated and grade IV- undifferentiated [@B19].

The study did not include patients with previously diagnosed colorectal cancer patients who underwent surgery or were treated with radiation and chemotherapy, as well as patients with ulcerative colitis who were previously treated with antibiotics, aminosalicylates, corticosteroids, immunosuppressive agents, and biological therapy. All subjects had a complete medical history, including physical examination, routine laboratory tests and diagnostic imaging (chest X-ray, abdominal ultrasound, abdominal computed tomography scan and endoscopy).

Assessment of serum TNF-α, IL-6, IL-17, IFN- γ, IL-4, IL-10 and CRP level
-------------------------------------------------------------------------

The blood samples of all patients were collected before application of therapy. The control group consisted of 37 healthy individuals. Control subjects were selected from volunteer blood donors at the Clinical Centre of Kragujevac. A control group was matched with the experimental groups on the basis of gender. Blood samples were collected from each studied subject; blood clot was cut and centrifuged for separating the serum and all serum samples were kept at -20°C before use. Repeated freeze-thaw cycles were avoided to prevent loss of bioactive substances.

Serum levels of cytokines were measured, as described before [@B20] using sensitive enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems Minneapolis, MN for IL-4, IL-6, TNF-α, CRP, IL-10 and IL-17; BD Biosciences San Diego, CA for IFN-γ) specific for the human cytokines, according to the manufacturer\'s instructions.

Immunohistochemical studies of VEGF, p16 and p53
------------------------------------------------

Immunohistochemical staining of VEGF, p16 and p53 protein was performed using streptavidin-biotin technique. Immunohistochemistry was performed on multiple endoscopics colonic mucosal biopsy specimens collected from patients with ulcerative colitis and endoscopics colonic biopsy specimens from patients with colorectal carcinoma. The sections (4-5 μm) of formalin-fixed, paraffin-embedded tissue samples were de-paraffinized with xylene and them rehydrated in a series of 100%, 96%, 70% and 50% alcohol. Briefly, antigen retrieval was performed by microwave heating for 20 minutes in 10 mM sodium citrate buffer (pH 6.0). The sections were incubated with 3% hydrogen peroxide to block endogenous peroxidase activity and them incubated with mouse monoclonal antibodies against VEGF (ab16883, Abcam, Cambridge, UK, at a 1:200 dilution), p53 (ab17869-250, Abcam, Cambridge, UK, at a 1:200 dilution) and p16 (sc-81156, Santa Cruz Biotechnology, Santa Cruz, CA, USA, at a 1:50 dilution) for 60 min in a humid chamber, respectively. All primary antibodies were diluted in 1% BSA/PBS. After the primary antibody, biotinylated secondary antibodies were applird, followed by detection using the ABC (Avidin-Bioton peroxidase Complex) method. Diaminobenzedine was used as the chromogen. Light counterstaining was performed with haematoxylin. The slides were examined by conventional light microscopy. Negative controls were treated identically with the primary antibodies omitted. Positive controls consisted of tissue known to contain the protein of interest.

The VEGF, p16 and p53 stained sections were assessed semiquantitatively by two pathologists. The staining score was evaluated as the percentage of stained cells out of the total number of evaluated cells. The extent of each staining pattern of p16 and p53 was recorded as the number of positive nuclei per 250 cells. The same pattern was used for VEGF, in cytoplasm. Percentage of positive cells was determined by counting 5 non overlapping microscopic fields at an x400 magnification. Staining for p16, p53 and VEGF was defined as positive when \>10% of the cells were stained and negative when ≤ 10% of the cells were stained [@B21], [@B22].

Statistical analysis
--------------------

Software package IBM SPSS Statistics 20 was used for the statistical analysis. Data are grouped and shown in tables and graphs. Methods of descriptive statistics were used in determining measures of central tendency and variability. The results are presented as mean and standard deviation. Pearson\'s and Spearman\'s correlation coefficients were used for determining the strength and direction of correlation between the variables.

Chi-squared test was used for determining the independence of variables. In determining statistically significant difference between the means of two groups Student\'s t-test for independent samples was used if the data were normally distributed, while Mann-Whitney U-test was used for data that were not normally distributed. One-Way ANOVA test was used for determining statistically relevant differences between the means of various groups of normally distributed data and Kruskal-Wallis test for data that were not normally distributed. In determining the normality of data distribution Kolmogorov-Smirnov test and Shapiro-Wilk test were used. Levene\'s test for equality of variances was used to determine the homogenity of variances. This test determines if the results from two groups of data have equal variances. ROC curve was used for the review of sensitivity and specificity. All statistical analyses in this paper were conducted with confidence interval of 95%. The results of statistical analysis were taken as statistically significant if the level of probability of null hypothesis is lower than 5%, that is to say, if the relevance of the test is p\<0.05.

Results
=======

Association between p16, p53 and VEGF expression and clinicopathological parameters of patients with ulcerative colitis (UC)
----------------------------------------------------------------------------------------------------------------------------

Twenty-four patients with ulcerative colitis, 13 males and 11 females with mean age 45.75 ± 19 years were studied. Clinical and pathologic characteristics of these patients are presented in Table [1](#T1){ref-type="table"}. The expression patterns of p16, p53 and VEGF protein were assessed by immunohistochemistry on biopsy specimens. All patients with UC were classified on the basis of positive (\>10% positive cells) or negative (≤10% positive cells) immunostaining of p16, p53 and VEGF, respectively. Only nuclear staining of p16 and p53 was scored. More than 10% of p16 positive cells were detected in 58% (14/24) of patients while only 12.5% (3/24) of patients had positive p53 nuclear staining (Table [1](#T1){ref-type="table"}). VEGF expression was found to occur in the cytoplasm and cell membrane. More than 10% positive cells for VEGF were observed in 37.5% (9/24) of patients with UC.

Further, we found no significant association between expression patterns of p16, p53 and VEGF and disease activity. However, positive staining of p16 and VEGF was detected in significantly higher percentages of UC patients with histological grade III (p=0.026; p=0.034, respectively).

Representative images of immunostaining for the mentioned markers examined in tissue of patients with ulcerative colitis are shown in Figure [1](#F1){ref-type="fig"}.

Serum concentrations of pro- and anti-inflammatory mediators and their ratios in UC patients with different disease activity
----------------------------------------------------------------------------------------------------------------------------

Next, we examined the serum levels of pro-inflammatory (IL-4, IL-6,TNF-α, IFN-γ and IL-17) and anti-inflammatory mediators (IL-10) in patients with ulcerative colitis.

Patients with UC were categorized into 3 groups on the basis of clinical activity of disease: patients with mild UC (≤3 stools daily with or without blood and had no systemic toxicity), patients with moderate UC (4-6 stools daily with or without blood or had minimal signs of toxicity) and patients with severe UC (≥7 stools daily with or without blood, had moderate to severe systemic toxicity: fever, ≥10% weight loss, orthostatic, hemoglobin ≤10 g/dL, or required hospitalization) [@B23]. We analyzed serum level of CRP in defined groups and found that serum concentration of CRP was significantly higher in patients with severe UC compared to mild UC (202.6 mg/l vs. 25.1 mg/l; p=0.005; data not shown).

Further, we divided patients in two categories: with extraintestinal manifestations (dermatologic manifestations- pyoderma gangrenosum or erythema nodosum) and without extraintestinal manifestations [@B24] and analyzed them for systemic values of pro- and anti-inflammatory mediators and their ratios. We obtained the statistically significant positive correlation between serum level of CRP (not shown) and IL-6, and presence of extraintestinal manifestations (p=0.002; Fig [2](#F2){ref-type="fig"}A, left panel). It had been suggested that ratio of counterregulatory cytokines could be marker of the disease progress. Therefore, we analyzed ratios of pro- and anti-inflammatory cytokines and found significant positive correlation between IL-17/IL-10 ratio and presence of extraintestinal manifestations (p=0.027, Fig [2](#F2){ref-type="fig"}A, right panel).

Also, patients with UC were classified on the basis of presence or absence of local complications (stricture and pseudopolyposis) [@B25], [@B26]. Patients with complications of disease had significantly lower serum levels of IL-10 (p=0.001; Fig [2](#F2){ref-type="fig"}B, left panel), but significantly higher IFN-γ/IL-10 ratio (p=0.031; Fig [2](#F2){ref-type="fig"}B, right panel).

When we divided patients into groups in accordance to histological grade, we found positive correlation between the serum concentration of TNF-α and histological grade. Concentration of TNF*-α* was significantly lower in patients with histological grade I than in patients with histological grade II (p=0.001), and in patients with histological grade III (p=0.003; Fig [2](#F2){ref-type="fig"}C).

Higher systemic values of TNF-α and IL-6 in UC patients with positive staining of p16, p53 and VEGF
---------------------------------------------------------------------------------------------------

Subjects with UC were classified on the basis of positive or negative immunostaining of p16, p53 and VEGF, respectively and analyzed for systemic values of pro- and anti-inflammatory cytokines. Serum level of TNF-α was significantly higher in group of UC patients with positive staining of p16 (p=0.039) and VEGF (p=0.038) (Fig [2](#F2){ref-type="fig"}D, right panel), while serum level of IL-6 was significantly higher in group of UC patients with positive staining of p16 (p=0.003), p53 (p=0.045) and VEGF (p=0.003) (Fig [2](#F2){ref-type="fig"}D, left panel). We did not find significant difference for other measured cytokines (data not shown).

Expression of p16, p53 and VEGF protein in patients with colorectal carcinoma (CRC)
-----------------------------------------------------------------------------------

The next aim of this study was to investigate the expression of p16, p53 and VEGF protein in colorectal carcinoma and to assess the association between their expression and clinico-pathological characteristics of CRC patients. A total of 75 patients with colorectal cancer (41 males and 34 females), of mean age 64.89 ± 10.51 years were studied. Table [2](#T2){ref-type="table"} summarizes the clinical and pathologic characteristics of these patients. The expression patterns of p16, p53 and VEGF protein were assessed on preoperative biopsy specimens of CRC patients. The study subjects were classified based on negative (≤10% positive tumor cells) or positive (\>10% positive tumor cells) expression of p16, p53 and VEGF in colorectal carcinoma respectively. Positive p16, p53 and VEGF staining was found in 68.29% (28/41), 48% (36/75) and 66.67% (50/75) of patients, respectively (Table [2](#T2){ref-type="table"}).

Patients with CRC were divided on the basis of positive or negative immunostaining of p16, p53 and VEGF, respectively, as shown in Table [2](#T2){ref-type="table"}. We did not estimated histological grade IV in any of CRC patients. Representative images of immunostaining for the mentioned markers examined in tissue of patients with CRC are shown in Figure [3](#F3){ref-type="fig"}.

Decreased systemic values of pro-inflammatory IFN-γ and IL-4 and increased values of anti-inflammmatory IL-10 in CRC patients with positive staining of VEGF
------------------------------------------------------------------------------------------------------------------------------------------------------------

Further, we analyzed systemic values of pro- and anti-inflammatory cytokines and their ratios in previously defined groups of patients with CRC. Serum level of IFN-γ was significantly lower in group of CRC patients with positive staining of VEGF (p=0.032; Fig [4](#F4){ref-type="fig"}A), while serum level of IL-10 was significantly higher in same group of patients (p=0.045; Fig [4](#F4){ref-type="fig"}B). In addition, IFN-γ/IL10 ratio was significantly lower in group of CRC patients with positive staining of p16 (p=0.025), p53 (p=0.038) and VEGF (p=0.024; Fig [4](#F4){ref-type="fig"}C). We also noticed increased IL-4 serum level in CRC patients with positive staining of p16 (p=0.021; Fig [4](#F4){ref-type="fig"}D) as well as in patients with simultaneous expression of p16 and p53 (p=0.01; Fig [4](#F4){ref-type="fig"}E).

Higher frequency of patients with CRC had positive staining of p16, p53 and VEGF, in comparison to patients with UC
-------------------------------------------------------------------------------------------------------------------

Additionally, we analyzed expression p16, p53 and VEGF between patients with CRC and UC. The frequency of patients with CRC with positive staining for p53 and VEGF, respectively, was significantly higher compared with UC subjects (p=0.025; p=0.035, respectively) with no significant difference between groups based on p16 staining (Fig [5](#F5){ref-type="fig"}A).

We have determined serum concentrations of cytokines in group of patients with CRC, UC and healthy controls. Concentration of IL-4 was significantly higher in patients with UC in comparison to patients with CRC (p=0.014; Fig [5](#F5){ref-type="fig"}B, left panel), while serum level of IL-17 was significantly higher in patients with CRC (p=0.002; Fig [5](#F5){ref-type="fig"}B, right panel). Difference in other measured cytokines between patients with CRC and patients with UC did not reached statistical significance (not shown).

Logistic regression analyses of p53 expression and IL-4 serum level in colorectal inflammed and cancer tissue
-------------------------------------------------------------------------------------------------------------

Binary logistic regression showed that higher expression of p53 strongly correlated with presence of CRC. Analysis showed that p53 can be a valuable marker for differentiating CRC from UC (sensitivity 60.6%, specificity 95.2%, cut-off \>0; Fig [5](#F5){ref-type="fig"}C, right panel). Analysis also showed that IL-4 (sensitivity 88.7%, specificity 83.8%, Fig [5](#F5){ref-type="fig"}C, left panel) can be a valuable marker for distinguishing UC and CRC. The optimal cutoff value estimated for IL-4 that allows the discrimination of UC from CRC patients was 20 pg/ml. For this cutoff we got sensitivity 88.7% and specificity 83.8%.

Discussion
==========

In the present study, we showed predomination of pro-inflammatory cytokines in patients with UC with presence of extraintestinal manifestations and complications, respectively and higher systemic values of TNF-α and IL-6 in UC patients with positive staining of p16, p53 and VEGF. Unlike UC patients, in CRC patients with positive staining of VEGF we found decreased systemic values of pro-inflammatory and increased values of immunosuppressive IL-10. We showed that higher frequency of patients with CRC had positive staining of p16, p53 and VEGF, in comparison to patients with UC and increased concentration of IL-4 in patients with UC in comparison to patients with CRC. Furthermore, the expression of p53 is a highly sensitive and specific marker in differentiation between UC and CRC.

Ulcerative colitis is inflammatory bowel disease, characterized by chronic inflammation that leads to intestinal tissue destruction. The initiation and progression of disease correlates with pro-inflammatory immune response [@B27]. Increased expression of pro-inflammatory cytokines TNF-α, IL-1β and IL-6 and deficiency of immunosuppressive IL-10 are hallmarks of intestinal inflammation [@B27]-[@B29]. The obtained results in this study show that in the sera of patients with UC, a significant elevation in levels of IL-6 and IL-17/IL-10 ratio correlates with the presence of extraintestinal manifestations (Fig [2](#F2){ref-type="fig"}A). IL-6 can be stated as pro-inflammatory cytokine, produced by monocyte/macrophages and Th17 lymphocytes and also as an important factor for developing Th17 immune response [@B3]. The mechanism underlying Th17 polarization is well established. IL-6, in synergy with TGF-β induces Th17 cells development [@B30]. In our study elevated IL-6 in the sera of patients with UC with the presence of extraintestinal manifestations may suggest that IL-6 is a key mediator in the development of Th17 immune response. The role of IL-6/IL-17 producing Th-17 lymphocytes in pathogenesis of Crone disease is well established [@B31], [@B32], and UC seems to be predominantly Th2 disease [@B33]. In line with this, we found increased serum IL-4 in UC patients, compared to healthy control (Fig [5](#F5){ref-type="fig"}B, left panel). Domination of Type 1 response, manifested by significantly lower serum levels of IL-10 and significantly higher IFN-γ/IL-10 ratio (Fig [2](#F2){ref-type="fig"}B) was detected in patients with complications of disease. Also, we noticed positive correlation between the serum concentrations of TNF-α with histological grade of UC (Fig [2](#F2){ref-type="fig"}C), and higher concentration of CRP in patients with severe UC (not shown). These data document that relatively low serum level of IL-10 in patients with severe UC is insufficient to compensate secretion of IL-6 and subsequently TNF-α, IFN-γ and IL-17 and enhanced type 1 and type 17 immune response. Recent publications reported increased IL-17 production in UC patients [@B34], and correlation between severity of disease and IL-17 produced by lipopolysaccharide stimulated peripheral blood mononuclear cells from UC patients [@B2].

Angiogenesis, the formation of new vasculature from an existing vascular network, plays a critical role in various pathological processes, such as tumor progression, and both acute and chronic inflammation [@B17], [@B35], [@B36]. It has been also suggested that this process is integral part of IBD pathology [@B37]. VEGF is the key mediator of angiogenesis but the role of tumor suppressor genes in angiogenesis still remains elucidated. In our study, we found higher systemic values of TNF-α and IL-6 in UC patients with positive staining of p16, p53 and VEGF, respectively (Fig [2](#F2){ref-type="fig"}D). Few studies revealed that alteration of tumor suppressor genes may contribute to neovascularization, guided by altered cytokine milieu [@B38], [@B39]. Wild type p53 down regulates VEGF expression and subsequently inhibits angiogenesis, in several tumors [@B40], [@B41]. In line with this, mutant-type p53 expression correlates with VEGF in few different tumors [@B42], [@B43]. Also, wild type p16 reduce angiogenesis, via down regulation of VEGF [@B44] and, in rheumatoid arthritis model, p16 impairs IL-6 secretion by mononuclear cells [@B45]. We proposed that expressed antioncogene p16 and p53 are mutated and they are not functional [@B46]. Rodrugues et al. analyzed p53 cDNA by using the polymerase chain raction in 10 colorectal cancer cell lines and showed that all cell lines that expressed high levels of p53 were synthesizing mRNAs that encoded mutant p53 proteins, indicating that high expression of p53 protein correlates with the presence of p53 gene mutations in these colorectal cancer cell lines [@B47]. The similar results were obtained in breast cancer cell lines [@B48] and primary lung tumors [@B49]. These findings implicate that when p53 is detected immunohistologically, it is probably mutant. Lang et al. also reported that 65% of patients with overexpression of p16 in squamous cell carcinoma of the head and neck showed p16-specific gene alterations [@B50]. These antioncogenes may induce VEGF over expression and stimulate angiogenesis. Positive staining of p16 and VEGF was detected in significantly higher percentages of UC patients with histological grade III (Table [1](#T1){ref-type="table"}), indicating that disease progression is followed by higher expression of antioncogenes and subsequently VEGF. Besides its well-known role in angiogenesis, it has been suggested that VEGF also have a role in inflammation and immunity. For example, the study of Kim YS et al [@B51] revealed that VEGF is key mediator in the development of T cell priming in the airways. Their results suggest that VEGF mediates the recruitment of inflammatory cells and enhances expression of co-stimulatory molecules on recruited and resident mononuclear cells, leading to up-regulation of pro-inflammatory, Th1 and Th17 cytokines. Additionally, Basu A et al [@B52] confirmed facilitating role of VEGF on pro-inflammatory response, by affecting memory T cell function.

Chronic inflammation, underlying UC, is well established risk factor for CRC development [@B6]. UC-associated CRC development is a multistep process starting from inflamed epithelium toward adenocarcinoma [@B53]. This study analyzed UC patients and patients with sporadic CRC. Although there are so many differences between UC-associated and sporadic CRCs, some similarities exist, especially in the pathogenesis [@B1]. For instance, alterations of tumor suppressor genes drive progression of both CRC entities. Antioncogene p53 is well established factor in both CRCs carcinogenesis [@B1]. In present study, most of the CRC patients had positive staining of p16, p53 and VEGF, which was not case with UC patients (Fig [5](#F5){ref-type="fig"}A). It is well established that p53 overexpression in associated with p53 gene mutation [@B54]. Mutated p53 has increased half-life that explains its accumulation in the tissue [@B55]. We proposed that expressed antioncogenes p16 and p53 are mutated and they facilitate VEGF expression, which enhances neovascularization.

A further analysis in CRC patients also revealed decreased systemic values of pro-inflammatory IFN-γ while increased values of immunosuppressive cytokine IL10 in CRC patients with positive staining of VEGF (Fig [4](#F4){ref-type="fig"}A; Fig [4](#F4){ref-type="fig"}B). In addition, IFN-γ/IL10 ratio was significantly lower in group of CRC patients with positive staining of p16, p53 and VEGF, respectively (Fig [4](#F4){ref-type="fig"}C). Our results suggest that in UC patients, enhanced systemic pro-inflammatory immune response correlates with disease severity and local tissue angiogenesis. In contrast, in CRC patients, local tissue angiogenesis is in negative correlation with systemic pro-inflammatory immune response. As we speculated before, altered antioncogenes may induce VEGF overexpression. The recent study revealed that VEGF acts immunosuppressive on lymphocyte activation and proliferation, by increasing IDO activity in dendritis cells (DCs) [@B56]. In line with this finding, VEGF has been shown to induce accumulation of MDSC, which suppresses DCs function and inhibit potent cell-mediated anti-tumor immunity, in patients with cancer of the digestive system [@B57]. Thus, in patients with CRC, VEGF acts via DCs on diminished proinflammatory immune response.

We also noticed increased IL-4 serum level in CRC patients with positive staining of p16 (Fig [4](#F4){ref-type="fig"}D) as well as in patients with simultaneous expression of p16 and p53 (Fig [4](#F4){ref-type="fig"}E). Overexpression of p16 in usually associated with gene mutation and loss of function. Recent study reveals that deficiency of p16 facilitate polarization toward M2 macrophages while inhibits proinflamatory phenotype [@B10]. Macrophages can be categorized into two main subsets in parallel with Th1/Th2 dichotomy: M1 (classically activated) that are induced with IFN-γ [@B58], [@B59] and M2 (alternatively activated) that differentiate after stimulation with IL-4. M2 macrophages promote angiogenesis, control inflammatory response by downregulation of M1 mediated functions and play a crucial role in type 2 immune response and antitumor immunity [@B58], [@B60].

Serum level of IL-17 was significantly higher in patients with CRC in comparison to UC patients (Fig [5](#F5){ref-type="fig"}B, right panel). Some studyes revealed that IL-17 facilitate tumor growth and progression, by stimulating angiogenesis [@B60], while others show that IL-17 induce potent antitumor immune response, responsible for rejecting tumor [@B61]. Exact role of IL-17 in CRC still remains unclear.

The expression of studied tumor markers may be useful in the assessment of CRC. P53 expression showed a high sensitivity and specificity for CRC in differentiating from UC (Fig [5](#F5){ref-type="fig"}C, right panel). We also envisage the possible role of IL-4 as a biomarker in distinguishing UC from CRC and showed that increased level of IL-4 enhanced the likelihood of UC compared to CRC (Fig [5](#F5){ref-type="fig"}C, left panel).

In summing up, we believe that, relatively low serum level of IL-10 in patients with severe UC is insufficient to compensate secretion of IL-6 and subsequently TNF-α, IFN-γ and IL-17 and enhanced type 1 and type17 immune response. Mutant-type p16 and p53 induce enhanced VEGF expression that implicates angiogenesis and, also via VEGF, enhanced production of pro-inflammatory TNF-α and IL-6. Pro-inflammatory role of VEGF is established in inflammatory diseases [@B51], [@B52]. In CRC patients, we found enhanced expression of p16, p53 and VEGF, and VEGF seems to have different role, immunosuppressive. In line with this, VEGF inhibits potent anti-tumor immunity, in digestive system cancer patients [@B57]. Our findings point on dual role of antioncogene- VEGF axis on immune response in inflammation (UC) and tumor growth and progression (CRC).
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![**p16, p53 and VEGF expression in patients with UC. A.** Positive p16 staining (200x magnification), B. Negative p16 staining (200x magnification), C. Positive p53 staining (200x magnification), D. Negative p53 staining (200x magnification), E. Positive VEGF staining (200x magnification), F. Negative VEGF staining (200x magnification).](ijmsv11p0936g001){#F1}

![**Serum values of mediators of inflammation in patients with UC. A.** *Increased concentration of IL-6 and IL-17/IL-10 ratio in patients with UC with presence of extraintestinal manifestations*. Patients with UC were divided in two groups, based on presence of extraintestinal manifestations (positive \"+\" or negative \"-\"). IL-17/IL-10 ratio was evaluated for each patient, separately.**B.** De*creased concentration of IL-10 and increased IFN-γ/IL-10 ratio in patients with UC with presence of complications*. Patients with UC were divided in two groups, based on presence of complications (positive \"+\" or negative \"-\"). IFN-γ/IL-10 ratio was evaluated for each patient, separately. **C.** *Elevation of TNF-α in sera of patients with higher histological grade*. Patients with UC were divided in three groups, according to histological grade. Serum levels of all mentioned cytokines were determined by ELISA. **D.** *Higher serum concentration of TNF-α and IL-6 in patients with positive staining of p16, p53 and VEGF*. Patients with UC were divided in two groups, based on expression of p16, p53 and VEGF, respectively. Statistical significance was tested by Mann-Whitney Rank Sum test or independent samples t-test, where appropriate.](ijmsv11p0936g002){#F2}

![**p16, p53 and VEGF expression in patients with CRC.**A. Positive p16staining (200x magnification), B. Negative p16staining (200x magnification), C. Positive p53 staining (200x magnification), D. Negative p53 staining (200x magnification), E. Positive VEGF staining (200x magnification), F. Negative VEGF staining (200x magnification).](ijmsv11p0936g003){#F3}

![**Systemic values of IFN-γ, IL-4, IL-10 and IFN-γ/IL-10 ratio in patients with CRC, based on expression of p16, p53, VEGF in affected tissue. A and B.** *Decreased concentration of IFN-γ and increased concentration of IL-10 in patients with positive staining of VEGF*. Patients with CRC were divided in two groups, based on expression of p16, p53 and VEGF, respectively. **C.** Decreased IFN-γ/IL-10 ratio in patients with positive staining of p16, p53 and VEGF, respectively. IFN-γ/IL-10 ratio was evaluated for each patient, separately.**D and E.** *Increased concentration of IL-4 in patients with positive staining of p16 and simultaneous expression of p16 and p53*. Patients with CRC were divided in two groups, based on expression of p16, p53 and VEGF, respectively and also based on simultaneous expression of p16 and p53. Statistical significance was tested by Mann-Whitney Rank Sum test or Independent Samples t-test, where appropriate.](ijmsv11p0936g004){#F4}

![**Expression of p16, p53 and VEGF and systemic values of IL-4 and IL-17 in patients with CRC, with UC, and healthy controls. Specificity and sensitivity of IL-4 serum concentration and p53 expression. A.** Higher percentages of CRC patients with positive staining of p16, p53 and VEGF, respectively in comparison to patients with UC. Patients with CRC and UC were divided in two groups, respectively, based on expression of p16, p53 and VEGF. **B.** Increased concentration of IL-4 in patients with UC in comparison to patients with CRC and healthy controls (left panel). Increased concentration of IL-17 in patients with CRC in comparison to patients with UC and healthy controls (right panel). Statistical significance was tested by Mann-Whitney Rank Sum test or Independent Samples t-test, where appropriate.**C.** ROC curve illustrate the specificity and sensitivity of IL-4 serum concentration, comparing UC with CRC (left panel) and specificity and sensitivity of p53 expression, comparing CRC with UC (right panel).](ijmsv11p0936g005){#F5}

###### 

Clinicopathological features and expression patterns of p16, p53 and VEGF in patients with UC

                                       p16^+^          p16^-^    p53^+^          p53^-^   VEGF^+^   VEGF^-^
  ------------------------------------ --------------- --------- --------------- -------- --------- ---------
  **Age (years)**                                                                                   
  \< 40                                25.00           4.16      8.33            20.83    16.67     12.50
  \> 40                                33.33           37.25     4.17            66.67    20.83     50.00
  *^†^p values*                        *0.543*         *0.408*   *0.443*                            
  **Gender**                                                                                        
  Male                                 33.33           29.16     8.33            54.17    25.00     37.50
  Female                               25.00           12.50     4.17            33.33    12.50     25.00
  *p values*                           *0.302*         *0.806*   *0.543*                            
  **Disease activity**                                                                              
  mild                                 12.50           20.83     8.33            25.00    8.33      25.00
  moderate                             37.5            20.83     4.16            54.16    25.00     33.33
  severe                               8.33            0.00      0.00            8.33     4.17      4.17
  *p values*                           *0.490*         *0.306*   *0.290*                            
  **Histologic grade**                                                                              
  l                                    4.17            8.33      4.17            8.33     4.17      8.33
  ll                                   12.50           20.83     4.17            29.16    29.17     4.17
  lll                                  41.67           12.50     4.17            50.00    29.17     25.00
  *p values*                           ***\*0.026***   *0.543*   ***\*0.034***                      
  **Extraintestinal manifestations**                                                                
  without                              45.83           41.67     12.50           75.00    29.17     58.33
  with                                 12.50           0.00      0.00            12.50    8.33      4.17
  *p values*                           *0.340*         *0.790*   *0.543*                            
  **Complications**                                                                                 
  without                              29.17           29.17     8.33            50.00    16.67     41.67
  with                                 29.17           12.50     4.17            37.50    20.83     20.83
  *p values*                           *0.600*         *0.312*   *0.569*                            

^†^p values were assessed by the Kruscal-Wallis method; \*p-statistically significant. Data are presented as percentages of total number of patients with UC

###### 

Clinicopathological features and expression patterns of p16, p53 and VEGF in patients with CRC

  --------------------------------------------------------------------------------------
                           p16^+^\   p16^-^\   p53^+^\   p53^-^\   VEGF^+^\   VEGF^-^\
                           n=28/\    n=13/\    n=36/\    n=39/\    n=50/\     n=25/\
                           41(%)     41(%)     75(%)     75(%)     75(%)      75(%)
  ------------------------ --------- --------- --------- --------- ---------- ----------
  **Age**\                                                                    
  **(years)**                                                                 

  \< 65                    29.20     14.63     26.66     22.66     30.66      18.66

  \> 65                    39.02     17.07     21.33     30.66     36.00      14.66

  *^†^p values*            *0.803*   *0.706*   *0.780*                        

  **Gender**                                                                  

  Male                     39.02     14.63     28.00     26.66     38.66      16.00

  Female                   29.26     17.07     20.00     25.33     28.00      17.33

  *p values*               *0.132*   *0.302*   *0.806*                        

  **Nuclear grade**                                                           

  l                        4.87      2.43      4,00      8.00      6.66       5.33

  ll                       63.41     21.95     37,33     41.33     54.66      24.00

  lll                      4.87      2.43      6.66      2.66      5.33       4.00

  *p values*               *0.181*   *0.453*   *0.179*                        

  **Histological grade**                                                      

  l                        34.10     17.07     18.66     30.66     34.66      14.66

  ll                       31.70     7.31      26.66     18.66     30.66      14.66

  lll                      2.43      7.31      2.66      2.66      4.00       1.33

  *p values*               *0.321*   *0.899*   *0.193*                        

  **Tumor location**                                                          

  Rectum                   36.50     12.19     33.33     20.00     37.33      16.0

  Distal colon             17.07     17.07     8.00      24.00     17.33      14.66

  Proximal colon           14.63     2.43      6.66      8.00      13.33      1.33

  *p values*               *0.943*   *0.543*   *0.612*                        
  --------------------------------------------------------------------------------------

^†^p values were assessed by the Kruscal-Wallis method; Data are presented as percentages of total number of patients with CRC

[^1]: Competing Interests: The authors have declared that no competing interest exists.
